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Abstract: The decay in the proficiency of the native language (L1), known as first language attrition,
is one of the least understood phenomena associated with the acquisition of a second language (L2).
Indeed, the exact cause for the deterioration in L1 performance, be that either the interference from L2
acquisition or the less frequent use of L1, still remains elusive. In this opinion paper, we focus on one
largely understudied aspect of L1 attrition—namely, the erosion of the L1 orthographic knowledge
under the influence of L2 orthography. In particular, we propose to study differences in orthographic
processing between mono- and bilingual populations as an approach, which, in turn, will allow to
address both cognitive and neurophysiological mechanisms underlying L1 attrition. We discuss
relevant experimental paradigms, variable manipulations and appropriate research methods that
may help disentangle the largely debated question of L2 interference vs. L1 disuse, clarifying the
nature of the L1 orthographic attrition.
Keywords: bilingualism; first language attrition; orthography; biliteracy
1. Introduction
Speaking a second language (L2) has become imperative in a globalized world char-
acterized by the development of broad socioeconomic connections and ever-growing
cross-country and cross-cultural mobility. Indeed, bi- and multilingualism have become
some of the most remarkable consequences of the globalization era, as more than a half of
the world’s population is now fluent in two or more languages (Ansaldo et al. 2008). Unsur-
prisingly, the phenomenon of bilingualism itself as well as its acquisition, maintenance, and
implications have been attracting the attention of the scientific community over the past
few decades, with a vast amount of research being carried out across several disciplines,
including linguistics, sociology, psychology, educational psychology, and neurosciences
(see Abutalebi and Chang-Smith 2012; Bialystok 2009; Cummins 2000; Heller 2007; Kroll
and De Groot 2009 for reviews from different perspectives).
Existing research offers important evidence regarding the impact of L2 learning on
the overall organization of the linguistic system in the brain, with changes both at the
functional and at the structural levels (Andrews et al. 2013; Grogan et al. 2012; Stein et al.
2012). Importantly, L2 learning, as well as its impact in the learner’s linguistic system,
seems to be highly dependent on the onset of L2 acquisition. In this sense, simultaneous
bilinguals—those who have developed their two languages during early childhood—have
been typically found to outperform sequential bilinguals—those who started to develop
their L2 at a later stage, once the L1 has been developed—(Archila-Suerte et al. 2012;
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Bialystok 2007; Hakuta et al. 2003; Luk et al. 2011). Thus, the acquisition of native-like
proficiency level becomes increasingly difficult with age and, indeed, both the experience
with L2 and the onset age of learning have been found to contribute to neural differences
among bilinguals (Abutalebi 2008; Hernandez and Li 2007).
Notably, the impact of L2 learning has been found to be largely beneficial. For example,
direct comparisons between mono-, bi-, and multilingual populations across different tasks
indicate that the acquisition and active use of a second language may positively affect
linguistic processing at different levels (e.g., Borragan et al. 2021; Jouravlev and Jared 2018
for the most recent examples). Such facilitatory effects are explained via the co-activation of
L1 and L2 words within a common lexical storage (Dijkstra and van Heuven 2012). To date,
research has documented the effects of bi- and multilingualism on learning skills related
to phonological, morphological, and lexical processing (Abu-Rabia and Sanitsky 2010;
Antoniou et al. 2015; Kimppa et al. 2016; Kaushanskaya and Marian 2009). For instance,
some studies have shown that an earlier acquisition and a richer experience with L2 led
to a more efficient novel vocabulary learning, especially for the words of non-familiar
phonology (e.g., Kimppa et al. 2016).
Furthermore, existing research has reported the beneficial effects of bilingualism
beyond the language system—by showing positive bilingual effects on the general cognitive
abilities, including memory (Soliman 2014; Hernández et al. 2012), attention (see Bialystok
2015, for review), and executive function (Abutalebi et al. 2013; Antoniou et al. 2016;
Morales et al. 2015)—to the general cognitive systems involved in parallel monitoring,
inhibition, and control of linguistic processing in two or more languages. Importantly, this
general effect is accompanied by neuroanatomical structural changes such that higher L2
proficiency levels are associated with more efficient functional connectivity in the brain
areas supporting executive control (Sulpizio et al. 2020; Gallo et al. 2020, 2021). Although
still controversial and presently a subject of fierce debate (see for instance Paap and
Greenberg 2013), these facilitatory “bilingual effects” are an example of how an increase in
L2 proficiency may affect both linguistic and general cognitive abilities.
However, it is not all good news for bilingual speakers. The ability to speak a sec-
ond language has been also shown to negatively impact aspects of the efficient L1 use.
Indeed, extensive research showed that bilinguals have poorer L1 performance than their
monolingual peers in both production and comprehension tasks across different levels
of language processing, especially at the lexical one (e.g., Gollan et al. 2005; Ivanova and
Costa 2008). Such negative effects are jointly referred to as first language (L1) attrition, the
term used to describe progressive deterioration in L1 performance along with the increase
in L2 proficiency in the absence of pathological or age-related cognitive decline (Köpke and
Schmid 2004). In this opinion paper, we first review the characteristics, factors of influence,
and causal mechanisms of this phenomenon, with a particular focus on orthographic
processing, a relatively unexplored aspect of L1 attrition whose systematic study, as it is
subsequently proposed here, might significantly contribute to the better understanding of
this phenomena.
2. First Language Attrition: The Dark Side of Bilingualism?
L1 attrition is not presumed to simply reflect the extent to which the language is used;
in other words, a mere decrease in the amount of L1 usage is, as such, not a sign of attrition,
as long as the full ability to use the language is retained (Köpke 2004). Hence, it might
be described an intragenerational, individual, non-pathological (i.e., not resulting from
a neurological, psychiatric, or other deficit) phenomenon negatively affecting linguistic
ability. Available evidence identifies the following three major factors influencing the
course and the degree of L1 attrition:
(1). Age of onset: A severance from L1 before puberty leads to a more severe attrition (e.g.,
Karayayla and Schmid 2019), potentially due either to the maturational constraints
of the end of the critical period or to an incomplete L1 acquisition (for a review, see
Bylund 2009; Schmid and Köpke 2017).
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(2). A relative degree of continuing L1 use: A more frequent L1 use in bilinguals is related
to a better L1 retention (e.g., Schmid and Yılmaz 2018; for a review, see Schmid and
Köpke 2017).
(3). Attitude towards L1: A negative attitude towards L1 predicts stronger attrition
outcomes (e.g., Schmid 2002).
Attrition has also been shown to affect all three main levels of L1 use, namely the
phonological, the lexico-semantic, and the morphosyntactic levels as well as both language
use modalities—production and comprehension.
First, deterioration in phonological processing manifests in production as an increase
in non-native-like pronunciation (e.g., Schmid 2002; De Leeuw et al. 2010, 2018). In
speech comprehension, it emerges as a reduction in the ability to distinguish between
L1 phonemes (e.g., Ventureyra et al. 2004; Cancila et al. 2005) as well as difficulties in
identifying native tonal patterns (Quam and Creel 2017) and judging foreign L1 accents
(Major and Baptista 2010).
Second, L1 attrition has been found to disrupt linguistic lexico-semantic processing. In
fact, the lexicon is the first and the most severely affected domain in L1 attrition (see Köpke
2002; Schmid 2011). Thus, L1 speech production is reflected in diminished speed and
accuracy of L1 lexical retrieval (e.g., Olshtain and Barzilay 1991; Stoessel 2000; Schmid 2009;
Schmid and Jarvis 2014) as well as by a higher rate of Tip-of-the-Tongue (ToT) occurrences
(Kreiner and Degani 2015). Retrieval and production difficulties are also reflected in larger
numbers of pauses, repetitions, hesitations, and self-corrections (e.g., De Leeuw 2007;
Schmid and Fägersten 2010; Yilmaz and Schmid 2012; Schmid and Jarvis 2014; Bergmann
et al. 2015). Moreover, L1 speech displays a diminished lexical diversity (e.g., Laufer 2003;
Yilmaz and Schmid 2012; Schmid and Jarvis 2014). Similarly, L1 comprehension is affected
at the lexical level; for example, by way of an impaired lemma access (Linck et al. 2009). A
contentious point is whether L1 attrition effects are circumscribed at the lexical access level,
or precipitate into the semantic retrieval process as well. On the one hand, studies report
spared semantic processing ability in the presence of L1 attrition (Scherag et al. 2004); on
the other hand, some existing reports suggest that semantic access in L1 is also susceptible
to attrition (Tsimpli et al. 2004).
Third, L1 attrition manifests at the morphosyntactic level. For example, those who
show attrition have been found to experience L2 morphosyntactic intrusions during L1
use as well as morphosyntactic reductions and simplifications, both during L1 production
and L1 comprehension (e.g., Altenberg 1991; Ben Rafael 2004; Gürel 2004; Schmid 2014;
Kasparian et al. 2017; for a review, see Gürel 2008). A recent EEG study by Kasparian et al.
(2017) used a grammaticality judgment in order to investigate grammatical L1 attrition.
These authors reported differences between those who show attrition and monolingual
controls in amplitude, scalp distribution and duration of the main ERPs involved in
the different stages of syntactic comprehension (i.e., LAN, N400, and P600 ERP), hence
suggesting that L1 attrition has profound effects on morphosyntactic processing, evidenced
even at neural level.
Overall, the evidence briefly summarized above supports the pervasive notion of L1
attrition. Nevertheless, the causal mechanisms underlying such a phenomenon remain
elusive. The two main causal mechanisms that have been proposed are L2 interference
and L1 disuse (Ben Rafael 2001; de Bot et al. 1991; Köpke 1999; Pelc 2001). Note that these
two mechanisms are conceptually different but not mutually exclusive as they may reflect
concurrent and interlinked factors that give rise to L1 attrition and determine its course.
Arguably, L2 interference has received more attention than L1 disuse. Indeed, ample
evidence supports the idea of a crosslinguistic interference from L2 affecting the develop-
ment of L1 attrition. Such interference effects have been reported for different linguistic
domains. For instance, De Leeuw et al. (2018) reported L2-to-L1 crosslinguistic influence
in phonological L1 attrition: Albanian–English bilinguals showed reduced (although to
different extents) sensitivity to consonantal contrasts, reflecting acquisition of the L2 En-
glish phonetic rules. Furthermore, Spanish–English participants in Dussias (2004) showed
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L2-to-L1 interference at the syntactic level in the form of a bias towards local attachment
(typical of L2 English) over non-local attachment (typical of L1 Spanish) during sentence
parsing. Similarly, Pelc (2001) used a grammaticality judgment task to document evidence
for L2-to-L1 interference at the grammatical level: Greek–English bilinguals perceived
sentences that were ungrammatical in L1 but not in L2 as more acceptable than sentences
that were ungrammatical in both languages, suggesting that L2 grammatical rules influ-
enced L1 grammaticality judgements, hence signaling L1 attrition. Finally, L1 attrition
due to L2-to-L1 interference has been registered in different L1–L2 combinations, both
in typologically close (e.g., German–Dutch; Ribbert and Folkert 2010) and typologically
distant language pairs (e.g., Korean–French; Ventureyra et al. 2004).
In addition to the L2-to-L1 interference, L1 disuse has also been shown to play a crucial
role in the development of L1 attrition. Research with adopted children has showed fast,
almost absolute, and irreversible attrition following severance from the L1 context (Isurin
2000; Nicoladis and Grabois 2002; Pallier et al. 2003; Ventureyra et al. 2004). Moreover,
existing evidence indicates the presence of a more severe attrition in adult participants
who have weaker contacts with the L1 environment (e.g., de Bot et al. 1991; Köpke 1999).
Arguably, both quantity and quality of such contacts are important moderators of the disuse
factors of L1 attrition, but the former has received more extensive attention in research than
the latter (Isurin 2007; Opitz 2013; Chamorro et al. 2016b; Bergmann et al. 2016; Kasparian
et al. 2017; Schmid and Yılmaz 2018; Karayayla and Schmid 2019). Nevertheless, studies
have shown that the context in which L1 continues to be used plays an important role in
predicting the relative degree of the attrition effects. For example, individuals who use
L1 in formal contexts, as compared to those who use it mostly with family and friends,
have been reported to experience a less severe attrition (Schmid 2007; De Leeuw et al. 2010;
Schmid and Dusseldorp 2010; De Leeuw et al. 2012; Yilmaz and Schmid 2012).
A potential mechanism behind these effects is the degree of code-switching during
bilingual language use: speakers routinely switch between their languages even in the
course of a single utterance and adapt words from one of their languages to the context of
the other (Green and Abutalebi 2013). According to Green (2011), communicative contexts
that require more code-switching lead to co-activated rather than sequentially activated L1
and L2, thus facilitating cross-linguistic interference and accelerating the attrition process
(Grosjean and Py 1991). Hence, the use of L1 in formal contexts where code-switching
is less likely may mitigate attrition by limiting the amount of crosslinguistic interplay,
while providing the possibility for an uninterrupted practice of one’s L1. Following this
argument, the frequency of daily code-switching may play a more relevant role in L1
attrition development than the overall amount of L1 exposure.
Baladzhaeva and Laufer (2018) offer an arguably stronger case for the L1 disuse as a
source of L1 attrition by investigating the possibility of L1 attrition without L2 acquisition.
Their study compared L1 linguistic ability of Russian immigrants to Israel who never
learned Hebrew as their L2 to the linguistic ability of Russian–Hebrew bilingual speakers
as well as to Russian monolinguals in Russia. Surprisingly, attrition effects were registered
in both immigrant groups regardless of whether they were monolingual or bilingual. The
authors attributed such result to what they defined “second-hand attrition” resulting from
a prolonged contact with the bilingual sample who show attrition without using L2 per
se. However, this “passive interference” interpretation is not supported directly by the
evidence showing that the specific loci of attrition reflect L2 categories. Hence, it may
well be that L1 attrition in the monolingual immigrant sample in this study developed as
a result of the decay in L1 capacity due to its disuse in the absence of the usual rich L1
environment found in the country of origin.
Put together, there is growing evidence indicating that, in addition to the well docu-
mented and generally positive changes, bilingualism may negatively affect the individual’s
fluency and accuracy in their native language, characterized as L1 attrition. However, the
existing data regarding actual causes of L1 attrition are inconsistent, with some studies
reporting L2 interference (e.g., Hutz 2004; Pelc 2001; Ben Rafael 2001), others emphasizing
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L1 disuse (e.g., de Bot et al. 1991; Köpke 1999; Pallier et al. 2003; Ventureyra et al. 2004),
and yet others showing no conclusive distinction between the two (Schoenmakers-Klein
Gunnewiek 1998; Köpke 1999; Isurin 2005). As a result, the fundamental question regarding
the exact source(s) of attritted L1 proficiency remains open. This state-of-the-art research is
rather natural for a relatively recent and developing research area with inevitable method-
ological and theoretical inconsistencies across studies. While some authors emphasize the
social roots of L1 attrition (Hulsen 2000; Jaspaert and Kroon 1989; Schmid and Dusseldorp
2010), others describe it as a purely linguistic phenomenon (Jordens et al. 1989; Gürel
2002; Gürel and Yilmaz 2011; see Schmid 2011 for a review), and yet others focus on
neurocognitive sources of the phenomenon (Bergmann et al. 2015; Kasparian et al. 2017;
Steinhauer and Kasparian 2020). The inconsistent nature of the existing evidence stresses
the need for more research, especially at the neurophysiological and the neuroanatomical
levels, which should clarify the causes of L1 attrition and cast light onto the neurocognitive
mechanisms underlying L1 attrition.
3. Orthography, Biliteracy and Attrition
In the rest of the paper, we propose an experimental paradigm that may help to
disentangle the putative causes of L1 attrition by focusing on the orthographic analysis
during visual word processing in biliterates–bilinguals who are able not only to speak
but also to read (and write) in a second language. Surprisingly, little is known about
L1 attrition of orthographic representations. At the same time, studies documenting
interactions between L1 and L2 orthographies show a substantial degree of the malleability
within the L1 orthographic system even after a relatively short L2 training period (e.g.,
Borragan et al. 2021). Together with the increasing pervasiveness of reading and writing
processes in the use of both L1 and L2, it is important to examine possible attrition in
orthographic processing.
Language pairs differ in the degree of orthographic overlap. Whereas some languages
show complete script overlap, with exactly the same orthographic units across L1–L2
(such as Spanish–English in the Roman alphabet, which nonetheless show differences in
grapheme-to-phoneme mapping), others show completely separate scripts (as Hebrew and
Arabic, although similarities can be found in corresponding abjads, such as the lack of
vowels or reading direction). The most important language–pair category for the purposes
of attrition research are those “inbetweener” languages that show a partial script overlap
(such as Russian–English, with Cyrillic and Roman alphabets) with a number of unique
and shared graphemes among L1 and L2 (see Eviatar 2017, for a recent review on the
diversity of writing systems at neurocognitive and sociolinguistic levels). In other words,
these are the languages with some letters looking and “sounding” similarly, some looking
similarly but sounding differently, and the rest completely different, both in how they look
and which phonemes they encode. In the following, we argue that orthography offers
an informative niche for the study of language attrition, especially when it comes to the
L1–L2 pairs with partially overlapping orthographies, as such pairs may offer a unique
way to differentiate between L1 disuse and L2 interference contributions to L1 attrition.
We focus on three essential hypotheses regarding the causes of L1 attrition, already
tested in previous attrition research at other linguistic levels different from orthography
(e.g., lexico-semantic, phonological, and syntactic) which, importantly, have shown no
conclusive results regarding the causal mechanisms of this phenomenon. The first hy-
pothesis (H1) relates L1 attrition to the acquisition and accrued use of the L2, i.e., attrition
by interference. If so, the ever-increasing interference of the L2 orthographic categories
and units during the use of their L1 counterparts would lead to a slower and less accu-
rate processing of the L1 graphemes that are orthographically similar but phonologically
different to their L2 correlates. The second hypothesis (H2) relates L1 attrition to the
native language disuse. According to H2, L1 attrition should be documented independent
of L2 interreference, thus rendering L1 attrition as a form of memory decay or a sort of
“use-it-or-lose-it” phenomenon. As a result, the first orthographic representations that
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should show attrition effects should be those L1 graphemes that have no corresponding
counterparts in L2. Finally, the third hypothesis (H3) relates L1 attrition to a combination
of L2 interference and L1 disuse treating L1 attrition as a cumulative product of these
two forces. Hence, H3 predicts a parallel and comparable degree of attrition in both the
overlapping and non-overlapping orthographic representations.
In order to test the outlined hypotheses, one needs to systematically manipulate the
degree of overlap between corresponding L1 and L2 categories. The degree of L1–L2
overlap might be more difficult to assess in the spoken domain because the phonological
categories in both languages that are inconsistently mapped onto different graphemes
across L1–L2 might be scarce and, importantly, they may be highly dependent on the
word context. At the same time, such a test is affordable using graphemes in the written
domain. Cyrillic and Roman scripts descend from the same parent—ancient Greek—and
thus they have a considerable degree of graphemic overlap. Some of the graphemes
in the two alphabets are script-specific or unique (for instance, v, q, z, and f are only
present in Roman; ш, ж, ϕ, and чonly in Cyrillic) while others are shared between the two
scripts (e.g., p and a). Crucially, some shared graphemes map onto similar or comparable
phonological representations (e.g., k, t, o, and a) whereas others have different phonological
mappings (e.g., ‘’c” is decoded as /k/ in Roman but as /s/ in Cyrillic, or “p”, decoded
as /p/ in Roman but as /r/ in Cyrillic; for instance, cup is read as /sir/ in Russian). This
set of features leads to phonological incongruencies which are known to affect reading
latencies (Havelka and Rastle 2005; Lukatela and Turvey 1990; Rastle et al. 2009). The same
incongruencies might also interfere with the orthographic processing in the production
modality, since the same—but reverse, phoneme-to-grapheme—mechanism is involved
during writing. Therefore, the presentation of written words to mono- vs. biliterate users
of Cyrillic (e.g., Russian, Ukrainian, and Bulgarian) and Roman (e.g., English, Spanish,
and German) alphabets in different conditions, e.g., (1) shared L1–L2 letters with similar
phonology, (2) shared letters with distinct phonology, (3) unique L1 letters, and (4) unique
L2 letters, could allow to quantify to what degree L1 attrition is caused by the interference
of L2 or by the disuse of L1. For instance, findings indicating group differences (poorer
performance in bi- than monoliterates) in the shared letters condition (1) but not in the
unique letters condition, (2) would support the interference hypothesis (H1). In this
case, biliterates might show longer reaction times and higher error rates when processing
shared L1–L2 (for instance, mapping these graphemes into the L2 form, such as the shared
grapheme ‘’p” mapped into the L2 form /p/ instead of into the L1 form /r/). By contrast,
findings showing group differences in the unique letters condition and not in the shared
letters condition would support the disuse hypothesis (H2). This would be reflected in
slower latencies and higher error rates in biliterates when processing unique L1 letters (for
instance, confusing them with visually or phonologically similar L2 graphemes, such as
the unique L1 grapheme ‘’И” replaced with the L2 unique letter ‘’N” and hence decoded as
/n/ instead of as /i/). A combination of both interference and disuse (H3) would predict
group differences across all conditions. According to this latter scenario, both factors may
contribute equally (thus with similar group differences at both conditions) or one factor
may dominate over the other, resulting in larger group differences in the shared condition
(stronger support for L2 interference) or in the unique condition (stronger support for L1
disuse). Finally, no group differences across both conditions would indicate the lack of
attrition at the orthographic level (H0). Taking into account most recent findings in L1
attrition research (e.g., Kasparian 2015; Kasparian and Steinhauer 2016; Kasparian et al.
2017), the H3 is the most likely to be supported. These studies point to the modulation
of L1 attrition by factors corresponding to both L1 and L2, such as the amount of L1
exposure, the length of residency in the L2 environment and the L2 proficiency level, all of
which would result in observable and quantifiable changes at neuro-cognitive level (e.g.,
Kasparian and Steinhauer 2017). In this sense, the key role of time-resolved neuroscientific
methods determining the exact weight of each factor for the development of L1 attrition
is highlighted.
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Furthermore, several psycholinguistic variables need to be considered. Comparisons
between groups of, e.g., Russian–English biliterates with different level of L2 proficiency,
would allow to examine whether L1 attrition has a progressive nature and develops in
a continuum (Hopp and Schmid 2013; Schmid and Köpke 2017). If so, any reduction of
L1 proficiency should be accompanied by an increase in L2 proficiency, hence indicating
that gradual acquisition of a second language drives L1 proficiency decay. In this sense,
biliterates with high proficiency in L2 phonological decoding should experience higher
interference when reading and writing words containing ambiguous graphemes (shared
but phonologically inconsistent across L1–L2) than the low proficiency group, who should
be less affected by L2 experience. If, on the contrary, L1 attrition is independent from the
acquisition of specific L2 rules for phonological decoding, then the impact of phonological
ambiguity should be similar across groups of biliterates irrespective of the individual L2
proficiency levels. Similarly, biliterates with an earlier L2 orthography age of acquisition
(AoA) (and thus higher proficiency) should show higher interference effects than those with
later AoA. In contrast, no moderation effect of the orthographic AoA should be expected if
L1 attrition is a result of L1 disuse and, therefore, is independent of the acquisition of L2
orthographic rules.
Moreover, we propose that time-resolved psychophysiological research methods such
as eye-tracking and EEG/MEG may be highly informative for testing the hypotheses
discussed above. These methods capture subtle differences in orthographic processing
that may shed light on the differences between mono- and biliterate populations. Thus,
whereas standard reaction-time measurements (e.g., self-paced reading or lexical decision
tasks) reflect the end-point of the process, eye-tracking and EEG/MEG provide high
temporal-resolution, hence they reflect the time-course of orthographic processing. In
addition, EEG/MEG methods may further register rapid temporal dynamics of neural
network activations underpinning the reading process (Clifton et al. 2016; Coulson 2007;
Duchowski 2007; Kutas et al. 2006). These features make them particularly useful for the
study of orthographic attrition. Indeed, recent studies have described both oculomotor
(e.g., Chamorro et al. 2016a, 2016b) and neurophysiological (e.g., Bergmann et al. 2015;
Kasparian et al. 2017; Steinhauer and Kasparian 2020) signatures of attrition (mainly for
morphosyntax). Future neurophysiological studies on L1 orthographic attrition might aim
to detect signs of L1 orthographic attrition on early brain potentials, such as the N1/P1
complex or the P200 component, taking into account their role on letter identification and
word-form access during orthographic processing (Assadollahi and Pulvermüller 2001,
2003; Coulson 2007; Proverbio et al. 2004). Besides, such differences might be expected
to be observable not only at a quantitative level (i.e., differences in the amplitude of a
particular component between control and experimental samples) but, importantly, at
qualitative level, i.e., differences between both groups in the recruitment of a particular
brain signal along the linguistic processing addressed), because such differences have been
pointed out as those clearly indicative of L1 attrition (e.g., Steinhauer and Kasparian 2019;
Kasparian and Steinhauer 2016, 2017). Similarly, the use of other on-line methods such
as handwriting on digital tablets may help to identify attriter patterns at the initial stages
of orthographic production, because this methodology captures the temporal dynamics
of the writing process (e.g., Barbier and Spinelli-Jullien 2009; Kandel et al. 2019; Kandel
and Soler 2010; Roux et al. 2013; Wang and Zhang 2021). In this way, differences between
mono- and biliterate populations under conditions of orthographic L1–L2 overlap (i.e., in
the number and duration of eye fixations, in the amplitude, latency or frequency of the
EEG/MEG signals or in the latency, letter duration, pauses and kinematics of handwriting
patterns) could provide valuable information regarding the underlying neuro-cognitive
mechanisms of L1 orthographic attrition and clarify the causes of this phenomenon from a
neuroscientific perspective.
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4. Conclusions
We propose using orthography as a new focus for the study of L1 attrition. Existing
literature on L1 attrition focuses mainly on the proficiency decay at the lexico-semantic
and the syntactic levels. This work provides a solid theoretical framework, allowing opera-
tionalization of specific hypotheses regarding the sources of the L1 attrition phenomenon,
particularly with respect to its cognitive and neural bases. Analysis of the L1 orthographic
attrition will, in turn, make it possible to elucidate the nature of the phenomenon by
enabling for succinct manipulations regarding interference and disuse across L1 and L2.
We suggest necessary multi-script manipulations, a minimal set of within- and between-
participant controls, and the neurocognitive methods necessary for this research program.
Ultimately, bilingualism and biliteracy research will benefit from such an orthography-
based approach, with new insights into the general functioning of the bilingual brain when
handling two different writing systems.
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